INTRODUCTION
It has recently become possible to construct cDNA libraries from individual human blastocysts to investi-gate the expression of embryonic genes in human preimplantation development (1, 2) . Using these libraries, we have previously reported the expression of B-actin, CD-59, and homeobox OCT-3 and also identified almost-complete identity of the cloned sequences to human histone 3.1 and ribosome protein S25 (2) . As the information on genetic expression in human preimplantation development is still limited to particular genes or gene families (3) (4) (5) , we present here our further results on a systematic study of the expression of genes involved in preimplantation development through the construction of cDNA libraries from individual human blastocysts. The present paper describes the results of our study on the identification of six expressed sequence tags (ESTs), two of them corresponding to housekeeping genes, hexokinase 1 and serine/threonine phosphorylase, and four corresponding to ESTs found by other authors in fetal brain and pancreatic tumor cells, whose actual identities have not yet been established.
MATERIALS AND METHODS
Spare embryos were obtained from the IVF program at Illinois Masonic Medical Center. These were spare embryos or those that would have been discarded otherwise because of an aneuploidy discovered by preimplantation genetic analysis of the oocytes. The study protocol was approved by the Institutional Review Board at Illinois Masonic Medical Center.
The cDNA libraries were constructed by the amplification method using poly(dT) primer and dG-tailing as an adaptor, as described elsewhere (2) . The principal steps in a library construction are shown in Fig. 1 .
Primers for reverse transcription (RT) polymerase chain reaction (PCR) were synthesized using an Applied Biosystems 381A DNA synthesizer (Camden, NJ). The primer design optimized their compatibility and minimized potential hairpin formation and primerdimer formation using the OLIGO program software (6). Primer sequences and conditions of PCR are presented in Table I . The amplified cDNAs were enriched to a high molecular fraction by chromatography on a minicolumn with Sephacryl S-400 (USB Corp. (7). 
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RT-PCR of individual blastocysts The cDNAs amplified with primer set Lyb3/Lyb4 were digested using the restriction endonucleases Notl-EcoRl, and ligated with the A gtl 1 Sfi-Not vector. Approximately 1.2 X 106 plaque forming units (pfu) was obtained. Restriction nuclease digestion and ligation were performed as described by Sambrook et al. (8) .
To propagate the library, 50 ml of Packagene extract (Packagene System; Promega) was added to 10 ml of ligated mixture, followed by incubation at room temperature for 3 hr. The mixture of the assembled phage particles was evaluated for quantity and propagated in BNN102 strain (C600Hfl), and the total phage DNA of each library was isolated and purified by immunoprecipitation (7). Plasmid DNA was propagated by transforming the bacterial strain INV-alphaF' (9) and isolated by boiling (10) . The PCR inserts were sequenced by the dideoxy Sanger method (11), modified for double-stranded DNA (12) using bacteriophage T7 DNA polymerase (13) .
RESULTS AND DISCUSSION
Thirteen cDNA libraries were constructed from individual human blastocysts at different stages of development. The results of PCR analysis of the RT-PCR products and the library cDNAs are summarized in Table II and Fig. 2 . cDNA libraries from nine embryos showed the presence of mRNA for B-actin; seven, for CD-59; and eight, for OCT-3 (2). Altogether these three genes (B-actin, CD-59, and OCT-3) were present in only six blastocysts. In contrast, specially designed intron-spanning primer sets failed to reveal mRNA for the HOXA4, HLA-G, and mLH-1 genes, which were expected to be present based on previous studies in the human and mouse (14, 15) .
As reported previously, we found a sequence identical to human histone 3.1 in one of the cDNA libraries, as well as a sequence identical to human ribosome protein S25 in the other (2) . The sequencing analysis of 120 clones from the third library, with fragments of 50 to 1000 bp, is shown in Fig. 3 . Figure 3 shows that 5% of the clones contained sequences identical to known human sequences, while 8% were "junky" clones, and 87% contained sequences that showed only partial identity to the known human sequences. It should be mentioned that no clones were found that contained sequences other than the human ones. Of those six clones with sequences identical to known human sequences, two contained housekeeping genes, hexokinase I and Ser/Thr phosphorylase, and four other ESTs (Table III) , which had been detected previously in fetal brain and pancreatic tumor cells (16) .
The data demonstrate the usefulness of constructing cDNA libraries from individual human preimplantation embryos and the value of the analysis of singlepass sequencing reactions for library evaluation. The availability of a publicly accessible database for ESTs from cDNA libraries constructed from different human tissues at different stages of development (17) makes the EST analysis of cDNA libraries from individual blastocysts an important part in the analysis of gene expression in human preimplantation development. The four unidentified ESTs in human blastocysts may represent developmentally important genes. Work is under way to obtain full-length clones for these sequences to identify their function. 
